The reversal of the inhibitory action of antiseptics by substances showing a specific affinity for the inhibiting agent has been reported for many compounds, the most striking effect probably being the reversal of the action of mercurials by H2S, glutathione, sodium thioglycolate, etc. Valko and DuBois (1944) have reported that the germicidal action of cationic detergents against both gram-positive and gram-negative bacteria can be reversed by the anionic detergent duponol PC (sodium lauryl sulfate).
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In the present work we have studied the ability of anionic detergents to reverse or neutralize the action of cationic detergents. We have found that anionic detergents did not reverse the germicidal action of cationic detergents against either gram-positive or gram-negative bacteria. If the cationic detergent inactivated the bacteria, the addition of an anionic detergent did not result in any reactivation. However, when the anionic detergent was added before all the bacteria in a given inoculum were inactivated by the cation, the anionic detergent could neutralize the action of the cation against gram-negative bacteria and prevent any further germicidal action on the surviving bacteria. Against gram-positive bacteria the bacteriostatic action of the cationic detergent was not neutralized by an anionic detergent even though the anion was added before the cation. The failure to neutralize the action of a cationic detergent against gram-positive bacteria was found to be related to the high degree of selectivity shown by the compound for gram-positive bacteria.
EXPERIMENTAL
Choice of neutralizing agent. The anionic detergent duponol PC (sodium lauryl sulfate) was used as a neutralizing agent by Valko dilutions of the anionic detergents in extract broth, pH 7.2, with 0.1 ml of a 20-to 24-hour broth culture of S. albus and determining the degree of inhibition after 24 hours' incubation at 37 C. The neutralizing action of the compounds against the cationic detergent zephiran was determined by adding various dilutions of the anions to equal volumes of 1:5,000 zephiran broth. The solutions were seeded with 0.1 ml of a 20-to 24-hour broth culture of Escherichia coli, and the lowest concentration of anionic detergent inhibiting the action of zephiran was determined. E. coli was used as the test strain in the neutralization tests since anionic detergents have little activity against gram-negative bacteria at pH 7.2.
The anionic detergents were found to vary markedly in their ability to neutralize the action of cationic detergents, and there was in general a correlation between the degree of inhibition of S. albus and the extent of the neutralization of zephiran against E. coli. No compound was found which was completely noninhibitory against S. albus8 and still effective in neutralizing the action of zephiran against E. coli. Sodium decyl sulfate was found to be the best neutralizing agent and the only compound which combined a low bacteriostatic activity with a high degree of neutralizing action against E. coli. It was only slightly inhibitory against S. albus in a 1:5,000 broth dilution, was not inhibitory at a 1:10,000 dilution, and was completely inactive against the gram-negative bacilli in a 1:5,000 broth dilution, pH 7.2. The addition of an equivalent volume of a 1:5,000 dilution of the compound permitted the growth of E. coli in a 1:5,000 broth dilution of zephiran. Sodium decyl sulfate was also found to neutralize effectively the action of the cationic detergents ceepryn, phemerol, and emulsol 607 against E. coli.
Failure to obtain reversal of the germicidal action of the cationic detergents. In our studies on the ability of the anions to reverse the action of cationic detergents, we first repeated the procedure used by Valko and DuBois. Three anionic detergents were used as neutralizing agents: duponol C, a commercial grade of alkyl sulfates, primarily sodium lauryl sulfate; sodium lauryl sulfate; and sodium decyl sulfate. Our test procedure followed that of Valko and DuBois though, in addition to broth subcultures, plate counts were used to determine quantitatively the degree of reversal. To varying dilutions of the cationic detergents in distilled water, 0.5 ml of a 20-to 24-hour broth culture of the test bacteria were added. After 5 minutes at room temperature (several tests were run at 37 C with similar results), 4 loops were subcultured into extract broth and a 1-ml sample was removed and diluted in saline; counts were determined in extract agar. Immediately after the removal of the sample for plating 0.5 ml of the test concentration of the anionic detergent were added to the solution of catiotic detergents. Five or 10 minutes (several tests were also done at 30 minutes) after the addition of the anionic detergents, broth subcultures were again made and a l-ml sample was removed, diluted in saline, and plated out to determine the degree of reversal effected by the anionic detergent. Four test strains were used, Staphylococcus aureus, Esherichia coli, ShigeUa paradysenteriae (Flexner), and Salmoiiella schottmuelleri. A total of 30 asays were done with [VOL. 54the cationic detergents zephiran and phemerol. Though the dilutions of the cationic detergents and the anionic detergents varied from 1:3,000 to 1:20,000 and the ratio of cation to anion varied from 1: 1 to 1:6, in no case was any evidence of reversal obtained in the germicidal range of the cationic detergents. As determined by plate counts, there was never any increase in the number of viable bacteria after the addition of the neutralizing agent. Broth subcultures from the germicidal concentrations of zephiran and phemerol were always negative, and all subcultures remained negative after the addition of the neutralizing agent.
Neutralization of the action of cationic detergents against gram-negativebacteria.
Though no reversal was obtained with the germicidal concentrations of zephiran or phemerol, it was thought that reversal might be effected with the more dilute concentrations of zephiran in the bacteriostatic range. With sodium decyl sulfate as the neutralizing agent, the following test procedure was used. For each test a duplicate series of broth tubes containing dilutions of zephiran ranging from 1:1,000 to 1:3,000,000 were seeded with 0.1 ml of a 20-to 24-hour broth culture of the test bacteria. After the bacteria were in contact with zephiran for 15 minutes at room temperature, equal volumes of sodium decyl sulfate in a broth dilution of 1:5,000 (1:15,000 and 1:25,000 sodium decyl sulfate were also used against the gram-positive bacteria) were added to one series of tubes, and equal volumes of broth were added to the control zephiran tubes. The cultures were incubated at 37 C for 24 hours, and the titers obtained with the zephiran alone were compared with the titers obtained with the sephiran and sodium decyl sulfate. A total of 17 gram-negative and gram-positive bacteria were studied. As shown in table 1, sodium decyl sulfate differed markedly in its zephiran-neutralizing action when tested against the grampositive bacteria (and meningococcus) and the gram-negative bacteria. There was only a slight degree of neutralization of zephiran action against 3 of the 10 gram-positive bacteria, but effective neutralization was obtained with all of the gram-negative bacteria.
In order to determine whether growth in broth tubes to which sodium decyl sulfate was added was an actual reversal of zephiran action on the gram-negative bacteria or merely an interruption of the continued action of zephiran (neutral- Failure to obtain neutralization of the action of zephiran against the gram-positve bacteria. Though viable gram-positive bacteria were present in the high zephiran dilutions at the time of the addition of the sodium decyl sulfate, no significant degree of neutralization was obtained (table 1). Inhibition of growth by the sodium decyl sulfate was not a factor in the failure to obtain neutralization since n 1:30,000 broth dilution (equivalent to the 1:15,000 sodium decyl sulfate added to an equal volume of zephiran) permitted the growth of an inoculum of 10 to 100 bacteria from a S. aureus broth culture. As shown in table 3, neither sodium decyl sulfate nor sodium lauryl sulfate was able to neutralize the bacterio- static action of zephiran against gram-positive bacteria when added before the bacteria. The addition of sodium decyl sulfate to the zephiran before the addition of the gram-negative bacteria did result in effective neutralization. Though the anionic detergent did neutralize the immediate germicidal action of zephiran against gram-positive bacteria, the bacteria were not capable of growing. For example, when 1:10,000 or 1:20,000 sodium lauryl sulfate broth was added to equal volumes of 1:10,000 or 1:20,000 zephiran broth and then seeded with S. aureus, the rapid germicidal action of zephiran was neutralized, but after 24 hours' incubation the viable bacteria failed to grow and plate counts The titer of sephiran in this assay was lower than it was in previous assays.
Similar results were obtained in several asays with Shigella paradysenteriac (Flezner) and Salmonella paratyphi. Selectivity of the action ofcationic detergents. On the basis of germicial activity and the inhibition of bacterial respiration (Baker, Harrison, and Miller, 1941 Our results on the selectivity of action of zephiran on gram-positive bacteria indicate that it has essentially the same bacterial spectrum as an agent such as penicillin. The recognition of the selectivity of action of penicillin and the classification of zephiran as a relatively nonselective inhibitor is probably due to the fact that we routinely test our chemotherapeutic agents by means of bacteriostatic tests, whereas germicides are ordinarily assayed by means of the phenol coefficient test. The high concentrations required for the bactericidal action of the compound obscured the selective action in the bacteriostatic range.
The high bacteriostatic activity of zephiran against the gram-positive bacteria and the failure of anionic detergents to neutralize this action indicates a specificity of action not revealed in the studies on the inhibition of bacterial respiration (Baker, Harrison, and Miller, 1941) . Gale and Taylor (1946) have found that the assimilation and concentration of glutamic acid is restricted to the grampositive bacteria and this mechanism is specifically inhibited by penicillin. In view of the similarities in the susceptibility of gram-positive and gram-negative bacteria to penicillin and zephiran, it is possible that the relatively selective gram-positive bacteriostatic activity of zephiran may be related to a similar mechanism.
The activity of the cationic detergents zephiran and phemerol against grampositive and gram-negative bacteria could not be reversed by the anionic detergents sodium decyl sulfate or sodium lauryl sulfate. The cationic detergent zephiran in its bacteriostatic range has a high degree selectivity and possesses several hundredfold greater activity against grampositive bacteria than against gram-negative bacteria.
